The aim of this study was to evaluate the effects of commercial toxin binders on growth performance, organ morphology, immunity and serum biochemistry in broilers. Dietary treatments consisted of the negative control (NC): experimental diet with aflatoxin B1 <20 parts per billion (ppb), ochratoxin A (OTA) <5 ppb; control (C) experimental diet without toxin binder; Z1: toxin binder 1 g/kg of zeta plus; Z2: toxin binder 2 g/kg of zeta plus; TX1: toxin binder 1 g/kg of Toxfin Dry; and TX2: toxin binder 2 g/kg of Toxfin Dry). Except for NC, all diets contained 57 ppb aflatoxin B 1 and 23 ppb ochratoxin A. Feed intake was higher in the TX1, TX2, NC, Z2 and Z1 treatments than in the control. Weight gain was higher in Z2, TX2, Z1, TX1 and NC than in C. Feed conversion ratio (FCR) was poor in C. The control had the highest liver weight, though the weights of the spleen, kidneys and hearts of the birds were similar in all treatments. Gizzard weight, thymus weight, and bursa of Fabricius were lowest in C. The weight of the pancreas was similar among treatments. The antibody titres against new castle disease were higher in treatments Z2, Z1, TX2, TX1 and NC than in C. Urea and creatinine concentrations, and aspartate aminotransferase activity in serum were similar among treatments, whereas the serum alanine transaminase activity was higher in C than in Z1, TX1, TX2, Z2 and NC. It was concluded that growth rate, FCR and immunity indices were improved in broilers fed toxin binder. At lower levels of mycotoxin in feed, 1 g/kg of toxin binder (clay based or yeast based) was sufficient to ameliorate the adverse effects of aflatoxin B1 and OTA, whereas at higher levels of mycotoxins, supplementation of toxin binder should be increased. ______________________________________________________________________________________
Introduction
Mycotoxins are secondary metabolites of several fungal species that contaminate almost all kinds of food before and post-harvest (Bhatti et al., 2016) . These mycotoxins (T-2 toxin, deoxynivalenol, aflatoxins, fumonisins, ochratoxin A (OTA), patulin and zearalenone) are usually stable under varying environmental conditions, and exert toxic effects in poultry by depressing immunity and decreasing productivity (Yegani et al., 2006; Manafi, 2012) . Numerous researchers have shown that OTA decreases animal growth and production (Huff et al., 1988; Aravind et al., 2003) . Furthermore, OTA has immunosuppressive properties in broiler chicks (Singh et al., 1990) . Similarly, aflatoxin has adverse effects on broiler growth. Aflatoxin B1 is considered the most potent hepatotoxin, and is well known owing to its carcinogenicity (Wilson & Payne, 1994) .
To eliminate, inactivate and minimize the adverse effects of mycotoxins certain strategies have been developed, for example, irradiation, physical separation, ozonization and chemical treatments of contaminated food and feed (Goldblatt & Dollear, 1979) . However, one of the best strategies in terms of cost and effectiveness on a large scale is the adsorption of mycotoxin molecules with toxin binder. The bound mycotoxin molecule is then excreted in the faeces (Bintvihok et al., 2002) . Amelioration of mycotoxin with toxin binders is common practice in the poultry industry. Commercially, two types of toxin binders are available, namely, clay-based and yeast-based. These toxin binders form a complex with a mycotoxin so that absorption of toxin from the intestine is restricted to the maximum extent (Dos Anjos et al., 2015) . Researchers have found that smectite clay and bentonite-montmorillonite efficiently avert digestive absorption of mycotoxins of feed origin, ensuring food safety and animal health (Saleemi et al., 2015) . Yeastbased toxin binders harbour polysaccharides, lipids and protein fractions. These fractions of the yeast cell wall are capable of adsorbing mycotoxin owing to the availability of adsorption sites (Kolosova & Stroka, 2012) . These substances are non-digestible and are claimed to be efficient in binding with mycotoxins in the small intestines when mixed with feed. The current experiment was therefore designed to evaluate the effectiveness of commercial toxin binders, Toxfin Dry (clay) and zeta plus (clay + yeast), in broilers fed mycotoxin contaminated feed.
Materials and Methods
The experiment was conducted at Poultry Research and Training Centre (PRTC) Ravi Campus UVAS, Pattoki. The experimental procedures were in accordance with the Animal Care and Use Committee University of Veterinary and Animal Sciences, Lahore. Four hundred (400) day-old chicks were procured from a commercial hatchery. Up to day 7, the chicks were reared in a tunnel-ventilated broiler house under standardized farm practices without any supplementation. At the start of day 8, 360 birds were randomly assigned to six treatments. Each treatment had six replicates with 10 birds per replicate (see Table 1 ). Old corn that was contaminated with a mycotoxin and uncontaminated fresh corn were selected. The concentration of aflatoxin B1 and OTA were analyzed in the corn samples. Table 2) were formulated and analyzed for aflatoxin B1 and OTA. These treatments consisted of negative control (NC), an experimental diet with aflatoxin B1 at <20 ppb, OTA at <5 ppb; the control (C) diet with aflatoxin B1 at 57 ppb, and OTA at 23 ppb; Z1: aflatoxin B1 at 57 ppb and OTA at 23 ppb + toxin binder 1 g/kg of zeta plus; Z2: aflatoxin B1 at 57 ppb and OTA ppb 23 + toxin binder 2 g/kg of zeta plus; TX1: aflatoxin B at 57 ppb and OTA at 23 ppb + toxin binder 1 g/kg of Toxfin Dry, and TX2 aflatoxin B1 at 57 ppb and OTA at 23 ppb + toxin binder 2 g/kg of Toxfin Dry. All experimental diets were fed to broiler from days 8 to 35 (21% crude protein and 2900 kcal metabolizable energy/kg). The birds were kept on a floor that was covered with litter at a stocking density of 0.65 ft 2 per bird. The light was provided for 23 hours.
The birds had open access to fresh water and were offered with feed ad libitum. Temperature and humidity in the house were provided according to the Ross management guides. The broilers were vaccinated according to the breed management guide. At the end of every week, feed intake and bodyweight were recorded and FCR was calculated.
At day 35, three birds from each replicate were randomly selected and blood was collected via cardiac puncture in vacutainers without any anticoagulant. Immediately after blood collection birds were slaughtered humanely and organs were weighed. To evaluate the adverse effects of mycotoxins on the visceral organs of the birds, the hearts, liver, bursa of Fabricius, gizzards, kidney, spleen and thymus were weighed with a digital weighing balance. Serum was harvested with a centrifuge (3000 g for 15 min at 23 °C). The aliquots of the serum were labelled and stored at -20 °C. Serum samples were sent to University Diagnostic Lab, UVAS, Lahore, to determine the concentrations of creatinine and urea, activities of alanine amino transferase (ALT, EC 2.6.1.2) and aspartate aminotransferase (AST, EC 2.6.1.1), and antibody titres against new castle disease (ND) were also analyzed from the collected serum. The experimental design was completely randomized. Data for feed intake, body weight and FCR, organ weight, immunity and blood biochemistry were analyzed with one-way ANOVA using statistical package, SAS 2002. Means were compared with Duncan's multiple range (DMR) test (Duncan, 1955) at P <0.05 significance levels.
Results
The least square means of feed intake, weight gain and FCR are presented in Table 3 . The results revealed that feed intake was higher (P <0.05) in TX1, TX2, NC, Z2 and Z1 than in C. Weight gain was lower (P <0.05) in C than in Z2, TX2, Z1, TX1 and NC. Similarly, the poorest (P <0.05) FCR was observed in C. Means with different superscripts in a column differ significantly at P <0.05 NC: negative control; C: control; Z1: I g zeta plus; Z2: 2 g zeta plus; TX1: 1 g Toxfin Dry; TX2: 2 g Toxfin Dry FCR: feed conversion ratio
The least mean squares of organ weight are presented in Table 4 . The results showed that the C treatment had highest (P <0.05) liver weight, followed by TX1, Z2, Z1, NC and TX2. The weights of spleen, kidneys and heart of birds were not affected (P >0.05) by dietary treatments. Means with different superscripts in a column are significantly different at P <0.05. NC: negative control; C: control; Z1: I g zeta plus; Z2: 2 g zeta plus; TX1: 1 g Toxfin Dry; TX2: 2 g Toxfin Dry
The least square means of gizzard, bursa, pancreas and thymus are presented in Table 5 . The gizzard weight of the C was lower (P >0.05) than that of the Z1, TX1, NC, Z2 and TX2 treatments. The weight of the bursa of Fabricius was lowest (P <0.05) in C compared with TX2, Z2, TX1, Z1 and NC. The weight of the pancreas was similar (P >0.05) among all treatments. The thymus weight was lowest (P <0.05) in C compared with all treatments. However, the rest of the treatments showed similar thymus weights.
Titres against the ND virus are shown in Table 6 . The antibody titre against ND was higher (P <0.05) in Z2, Z1, TX2, TX1 and NC compared with C.
The means of urea, creatinine concentrations, and ALT and AST activities are presented in Table 7 . The results of the present study show that urea, creatinine and AST were similar (P >0.05) among treatments, whereas serum ALT activity was higher in C (P <0.05) compared with the Z1, TX1, TX2, Z2, and NC. P-value 0.000 a-b Means with different superscripts in a column differ significantly at P <0.05 NC: negative control; C: control; Z1: I g of Zeta plus; Z2: 2 g of Zeta plus; TX1: 1 g of Toxfin Dry; TX2: 2 g of Toxfin Dry 
Discussion
The results of the current experiment shown that feed intake was lower in control (C) compared with other treatments. Lower intake may be associated with a higher level of mycotoxins in C. Similar findings were reported by Verma et al. (2002) , that mycotoxin in feed resulted in reduced feed intake in broilers. Huff et al. (1975) reported that ochratoxin at >20 ppb compromised feed intake owing to an adverse effect on the gizzard. A synergistic effect of aflatoxin and ochratoxin may aggravate feed intake depression (Appleton & Campbell, 1983; Huff, 1991) . Most of the synergistic toxicity of two toxins exert serious adverse effects on feed intake compared with a single toxin (Huff et al., 1988) . These findings were in accordance with those of Denli et al. (2009) , who observed lower feed intake when aflatoxin was given in the feed. Similarly, Doerr et al. (1974) reported that the feed intake of birds exposed to ochratoxin was decreased owing to its nephrotoxic effect. Kubena et al. (1994) also reported that aflatoxin and ochratoxin both depress feed intake by compromising the enzyme and excretory systems of birds. Although Z1, Z2, TX1 and TX2 were also fed higher levels of mycotoxins, feed intake was higher compared with C. This higher intake may be associated with neutralization of mycotoxins by toxin binders. Neutralization of mycotoxins by toxin binder was also reported by (Ibrahim et al., 2000) . Gowda et al. (2008) recorded that the addition of sodium calcium aluminosilicates to the aflatoxin B1 diet significantly enhanced the feed intake.
The results of the current study show that Z2, TX2, Z1, TX1 and NC had higher body weight than C. Higher body weight is associated with higher feed intake in these treatments. Similar findings were reported by Huff et al. (1988) , in which they studied combined toxins that reduced weight gain, which might be because of impairment of protein synthesis. A large reduction in body weight because of a diet that was contaminated with OTA at levels of 400 and 800 ppb was also reported by Elaroussi et al. (2006) . Treatments that contain toxin binder have higher body weight at day 35 compared with those fed only toxins. Similar findings were reported by Santin et al. (2002) , in that broiler chicks exposed to OTA at a level of 250 or 500 ppb during the initial stage (1 to 21 days), the final stage (22 to 42 days), or in the total experimental period (1 to 42 days) had lower average body weight compared with the control. Significantly, greater body weight gain was observed in the birds that were fed the clay-based toxin binder in the present study. A similar response was observed in weight gain, FCR, organ weight and immunity parameter in all treatments that were fed toxin binder as feed supplement, which may be associated with lower level of mycotoxin (aflatoxin 57 ppb and ochratoxin 23 ppb) in feed compared with Elaroussi et al. (2006) . The current results are in line with the findings of Kubena et al. (1994) , who showed reduced weight gain owing to toxins in feed. Clay-based toxin binder reduced the effect of toxin in the feed by binding the toxin from the intestine and providing stability to the intestinal wall (Manafi, 2012) . Aluminosilicates bind with aflatoxin molecules, which cannot be absorbed from the animal's digestive tract. The bound aflatoxins are then excreted in the faeces (Bintvihok et al., 2002) .
The current results showed that FCR was poor in C compared with Z2, TX2, TX1, Z1 and NC. Poor FCR is associated with lower feed intake and lower weight gain in C. Santin et al. (2002) reported that ochratoxin influenced the FCR negatively in the broiler chicks. Poor FCR in a diet with mycotoxins could be attributed to hepatic cell damage and decreased pancreatic enzymes. The groups in which toxin binder was added, showed better FCR compared with the contaminated group. This was similar to the results recorded by Harvey et al. (1992) . The combination of 1 mg/kg aflatoxin and 2 mg/kg ochratoxin showed a significant decrease in FCR compared with the control (Verma et al., 2004) .
Aflatoxin and ochratoxin have adverse effects on the weight of the liver. The highest weight of liver in C indicated that it was associated with mycotoxins in feed, namely, those fed 1 g/kg or 2 g/kg of toxin binder recovered better compared with C (without toxin binder). Similar findings were reported by Kermanshahi et al. (2007) that enlargement and discoloration of the liver were associated with aflatoxin. The concentration of aflatoxin at 1 mg/kg or more caused a significant reduction in immune status and growth in broilers, whereas 2 mg/kg of aflatoxin may increase liver weight (Verma et al., 2004) . Che et al. (2011) reported that diet contaminated with toxins results in an adverse effect on liver morphology. Contamination of feed with mycotoxins increases lipid deposition in the liver and weight also increases (Sharlin et al., 1980) . Clay-based toxin binders are used to decrease the effects of toxins, particularly ochratoxin, in broilers. Similarly, they help to improve diet absorption and decreases the toxin effects on the liver (Santin et al., 2003) , whereas spleen, kidney and heart were not affected by the toxin binder.
The weights of gizzard and bursa of Fabricius were lower in C than in NC and in those fed toxin binders. Similar findings by Verma et al. (2002) stated that combining aflatoxin and OTA 2 mg/kg and 4 mg/kg, respectively, led to a decrease in gizzard weight. The reduction in the sizes of these organs might have been due to necrosis and cellular depletion by the mycotoxins (Kubena et al.,1990; Hoerr, 2010) . Elaroussi et al. (2006) argued that the reduced size of the bursa was due to mycotoxin. Immunosuppression was the major alteration that was associated with the mycotoxin, which might occur because of the reduced size of immunological organs such as the bursa and thymus.
Group C had the lowest antibody titre against ND compared with NC and other treatments. This was associated with the immune suppression effects of mycotoxins. Similar results were demonstrated by Sharma et al. (2008) . A decrease in antibody production in the current experiment was linked to regression of bursa of Fabricius (Ibrahim et al., 1998) in that mycotoxin causes bursal regression and suppression of the primary immune response. Antibody titre was higher in Z2, TX2, Z1, TX1 and NC. The result of the present study is in the line with those of Ibrahim et al. (2000) , who reported that significant addition of toxin binder could ameliorate the adverse effects of mycotoxins, especially aflatoxin. Toxin binders in the diet help to reduce the absorption of toxin from the gut (Magnoli et al., 2011) . Higher antibody titre is due to the binding ability and lower absorption of toxin from gut with mycotoxins (Weiner, 1997) . Clay-based toxin binder also stimulates the indirect activation of B cells, T cells and macrophages (Lyons & Jacques, 1994) .
These results were in agreement with those of Azzam & Gabal (1998) , who reported a decrease in the antibody titre because of the mycotoxin. Antibody titre against Newcastle disease virus is normal in chickens exposed to low levels of dietary aflatoxin (10 -15 ppb), but higher levels of mycotoxins (50 -60 ppb) without toxin binder can suppress immunity (Corrier, 1991) . Hence aflatoxin and ochratoxin individually or in combination are growth depressant and immunosuppressant. In agreement with the conclusion drawn by Mohiuddin & Reddy (1993) , it might be suggested that the immunosuppressive effects of mycotoxin in feeds could be ascribed mostly to vaccine failure, leading to high morbidity, mortality and heavy economic losses.
Hepatic function and activity are measured by serum biochemical parameters, which include AST and ALT, creatinine, and urea. The results of the current study showed that urea, creatinine and AST were similar among all treatments. The highest activity of ALT was observed in C. Similarly, Sharma et al., (2008) reported that serum ALT activity was higher in broilers fed a diet that was contaminated with aflatoxin. Similar results also reported by Gowda et al. (2008) , which suggested that mycotoxin exerts a direct effect on the animal's liver, which alters enzyme secretion from the body. Elevated serum ALT activity in the groups fed OTA showed degenerative changes, which lead to the seepage of enzymes from the liver. These findings are in accord with those of Sathyanarayana et al. (2004) . Santin et al. (2002) and Kumar et al. (2003) fed broiler chicks from hatching through five weeks old a diet supplemented with 2 ppm OTA to study its toxic effect on broiler performance. OTA negatively influenced the serum activities of liver enzymes.
Conclusion
By keeping the results of the current experiment in mind, it can be concluded that growth rate, FCR, and immunity parameters were improved in those fed toxin binders. The similar response among treatments is associated with the level of mycotoxin, which was lower in the current experiment than those reported in the literature. Supplementation of 2 g/kg of yeast-based mycotoxin can be a successful strategy to ameliorate the adverse effects of aflatoxin B1 and OTA. So, at a lower level of mycotoxin in feed, 1 g/kg of toxin binder (clay based or yeast based) is enough to ameliorate the adverse effects of aflatoxin B1 and OTA.
